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Introduction {#sec001}
============

*Camellia oleifera* (*C*. *oleifera*) is one of the important tree species in China\'s non-wood product forests. *C*. *oleifera*, oil palm (*Elaeis guineensis* Jacq.), olive (*Olea europaea* L.), and coconut (*Cocos nucifera* L.) are the four major tree species in the world that produce woody edible oil \[[@pone.0222841.ref001]\]. *C*. *oleifera* shell is an important byproduct from the processing of *C*. *oleifera*, whose raw weight is approximately 1.5 times that of the *C*. *oleifera* seeds \[[@pone.0222841.ref002]\]. *C*. *oleifera* shell is rich in lignocellulose, saponins and tannins which were not conducive to microbial degradation and metabolism \[[@pone.0222841.ref003],[@pone.0222841.ref004]\]. In addition, *C*. *oleifera* shell is rich in polysaccharides, proteins, fats, and other organic matter, as well as many trace elements and biologically active substances essential for plant growth, which make it a valuable biomass resource \[[@pone.0222841.ref005]\]. The output of *C*. *oleifera* seed reached more than 2.3 million tons by 2018, more than twice that of 2008, and a large number of *C*. *oleifera* shell was also produced \[[@pone.0222841.ref006],[@pone.0222841.ref007]\]. Most of the shell is directly discarded for natural decomposition or burned as fuel. Waste gas, liquid, and residue produced in the treatment process pose potential threats to environmental safety \[[@pone.0222841.ref008]\].

Composting is an effective means of processing *C*. *oleifera* shell and other solid organic waste \[[@pone.0222841.ref009]\]. However, given the physical and chemical properties of *C*. *oleifera* shell, particularly due to the presence of woody fibers, it is not suitable for self-composting \[[@pone.0222841.ref010]\]. Co-composting refers to the composting of raw materials together with other waste, such as dairy manure with straw \[[@pone.0222841.ref011]\], and chicken manure with sawdust \[[@pone.0222841.ref012]\]. Adding appropriate waste materials for co-composting can accelerate organic matter decomposition, shorten composting time, and enhance compost quality. Similar to pig and chicken manure, goat dung has high level of C, N, P, K and provides additional microorganisms for improved composting \[[@pone.0222841.ref013],[@pone.0222841.ref014]\]. To accelerate the composting process of *C*. *oleifera* shell and improve compost quality, goat dung can be added for co-composting.

Through composting, organic chemicals in the shell are transformed by microbes into a stable, usable, and high value-added compost product, which helps prevent environmental pollution. Such products not only provide nutrients for plant growth but also improve soil properties, such as nutrients increase in soil and physical properties improvement of soil \[[@pone.0222841.ref015]\]. Furthermore, most of the harmful organisms (including pests, weed seeds, viruses and pathogens et al.) are killed during composting, which reduces the incidence of diseases \[[@pone.0222841.ref016]\].

Ventilation is an important controlling factor in the composting process. Appropriate ventilation can control the temperature of the compost pile, remove excess water and carbon dioxide, provide oxygen for microbial activity, and influence the physical and chemical properties of the final compost product \[[@pone.0222841.ref017]\]. Turning is a common method of altering the ventilation. High turning frequency will adversely decrease the temperature of the compost pile will, and will increase the composting time. Low turning frequency could result in anaerobic fermentation in the compost pile and production of ozone and other harmful substances \[[@pone.0222841.ref018]\]. Hence, an appropriate turning frequency is an important factor for enhancing the composting efficiency.

Maturity is an important criterion for evaluating the safety and stability of compost product. When microbial activity and plant toxin concentrations decrease to a safe level and compost no longer undergoes apparent material changes, the compost is considered to be \'mature\'. One of the aims of choosing the appropriate turning frequency is to get the compost to be \'mature\' quickly. Compost product not meeting maturity standards can easily cause environmental pollution \[[@pone.0222841.ref016]\]. However, due to the diversity and heterogeneity of raw materials, substantial variability exists in our understanding of the indices used to evaluate compost product maturity \[[@pone.0222841.ref019]\]. Bernal et al. (2009) \[[@pone.0222841.ref010]\] and Nolan et al. (2011) \[[@pone.0222841.ref020]\] noted that compost maturity could not be well described by any single attribute or parameter. Many studies used various physical, chemical (e.g., pH, temperature, and total organic carbon), and biological parameters \[e.g., germination index (GI), seedling growth quality\] to determine compost maturity \[[@pone.0222841.ref021]--[@pone.0222841.ref023]\]. In order to better judge the effect of turning frequency on compost maturity, it is very important to select appropriate parameters that can reflect the change of maturity.

In this study, *C*. *oleifera* shell and goat dung were used as the raw materials of compost. The temperature, pH, different nitrogen forms, GI and other parameters of the compost pile during composting were analyzed. Standard maturity indices suitable for the co-compost of *C*. *oleifera* shell with goat dung were determined. The turning frequency of compost was also optimized to provide a theoretical basis for the composting of *C*. *oleifera* shell.

Materials and methods {#sec002}
=====================

Descriptions of the study area {#sec003}
------------------------------

The composting experiment was performed during a 76-day period from October to December 2012. The study area was located in the Research Institute of Subtropical Forestry, Chinese Academy of Forestry in Fuyang District, Hangzhou City, Zhejiang Province, China. Its altitude is 26.1 m, and its coordinates are approximately N 30°3'31", E 119°57'11" (latitude/longitude). During the study, the highest and lowest temperatures of that area were 24°C and 3°C, respectively, and the highest and lowest air humidity measurements were 84% and 32%, respectively.

*C*. *oleifera* shell used in the experiment was obtained from the East Red Forest Farm in Jinhua City, Zhejiang Province. Goat dung was obtained from a farm in Jilong Mountain, Fuyang District, Hangzhou city, Zhejiang Province. The effective microorganisms (EM) microbial agent was purchased from Henan Nanhua Qianmu Biotechnology Co., Ltd., and its main ingredients were *Bacillus*, *Lactobacillus*, *Bifidobacterium*, yeast, photosynthetic bacteria, acetic acid bacteria, *Actinobacillus*, and other original species.

Experimental set-up {#sec004}
-------------------

*C*. *oleifera* shell was crushed, passed through an 8-mm sieve, and co-composted with fresh goat dung. The dry mass ratio of the shell and goat dung was 4:1 in all experimental treatments. The EM microbial agent (weighing 3% of the dry mass of shell and goat dung) and urea were added to adjust the initial carbon-to-nitrogen ratio (C/N) to 30, and the initial moisture content to 55%. No adjustments of these parameters were made thereafter. In this experiment, box composting was used, which took place in an insulated and well-ventilated eco-composter (outer dimensions: 73 cm × 115 cm × 80 cm; volume: 220 L; manufacturer: Biolan). During the experiment, the cover of the composter was closed, and the ventilation valve was rotated to the maximum ventilation level. The properties of raw materials for composting (based on the determination of dry matter) are shown in [Table 1](#pone.0222841.t001){ref-type="table"}.

10.1371/journal.pone.0222841.t001

###### The initial properties of compost materials[^a^](#t001fn002){ref-type="table-fn"}.

![](pone.0222841.t001){#pone.0222841.t001g}

  Material                       TOC(%)     TN(g/kg)    TP(g/kg)    TK(g/kg)    pH
  ------------------------------ ---------- ----------- ----------- ----------- -----------
  Shell *of Camellia oleifera*   48.6±1.8   4.19±0.01   0.17±0.03   8.54±0.11   5.54±0.02
  Goat dung                      16.0±2.1   0.55±0.03   0.22±0.07   0.53±0.06   8.32±0.01

Mean and standard error are shown (n = 3).

^a^ Measured based on dry matter.

There were 4 treatments (A1, A2, A3, and A4) in this experiment, and they referred to turning the compost once every 5, 7, 10, and 15 days, respectively. The properties of raw materials used in this study are shown in [Table 1](#pone.0222841.t001){ref-type="table"}.

Sample collection and analytical methods {#sec005}
----------------------------------------

During composting, the temperature of the compost pile (depth of the pile was 1.2m) was measured in the upper (10 cm below the top of the pile), middle, and lower (10 cm above the bottom of the pile) parts at approximately 3 pm every day. Ambient temperature was recorded at the same time. A five-point sampling method \[[@pone.0222841.ref024]\] was adopted to collect compost samples. A portion of the fresh samples were stored at -20°C, and the remainder was dried at 65°C. The determination of pH, total organic carbon (TOC), total nitrogen (TN), total phosphorus (TP), total potassium (TK), $NO_{3}^{‐}‑N$, and $NH_{4}^{+}‑N$ were based on the method used by Meng et al. (2018a, 2018b) \[[@pone.0222841.ref010],[@pone.0222841.ref025]\]. GI was determined according to the method used by Zhao et al. (2013) \[[@pone.0222841.ref024]\]. Moisture content was obtained by drying at 105°C for 24h in a hot-air oven. The Solvita maturity index was determined according to the "Guide to Solvita testing for compost maturity index" (Woods End Research, 2002).

Statistical analysis {#sec006}
--------------------

Spearman correlational analysis was performed using SPSS 20.0 (IBM Co., Armonk, NY, USA). Principal Component Analysis (PCA) was performed using the Canoco 5.0 software package (Microcomputer Power, USA).

Results and discussion {#sec007}
======================

Temperature {#sec008}
-----------

Temperature is an important indicator for monitoring the composting process. The optimum temperature range for composting is 40--65°C, and temperature exceeding 55°C is a necessary condition for killing pathogenic microbes, insect eggs, and weed seeds and for ensuring the compost product is harmless (Bernal et al., 2009). As shown in [Fig 1](#pone.0222841.g001){ref-type="fig"}, temperature in all treatments rapidly increased after the start of composting. A2 entered the thermophilic phase (\>50°C) on 9^th^ day, and A1, A3, and A4 entered the phase on the 12^th^, 32^nd^, and 11^th^ day, respectively. The maximum temperatures of A1, A2, A3, and A4 were 72.7°C, 71.8°C, 62.7°C, and 68.67°C, respectively, which occurred on the 25th, 13th, 34th, and 19th day of the composting period, respectively. In all treatments, the thermophilic phase lasted for more than 4 consecutive weeks, particularly in A2, where it lasted for 41 consecutive days, and all treatments met hygiene and safety standards (temperature above 55°C for more than 3 consecutive days) (GB 7959--2012, China). After approximately 50 days of composting, the thermophilic phase ended, and the temperature of the compost pile decreased gradually. Between 50 and 60 days after composting, due to reduced temperature and the accumulation of soluble organic matter, microbial activity increased again \[[@pone.0222841.ref010]\], leading to another stage of temperature rise in the compost pile, and after 60 days of composting, the temperature in all treatments rapidly decreased to ambient temperature. This may be due to a lot of heat lost by turning over the heap, far more than the heat generated by the material metabolism of microorganisms. In terms of temperature variability, A2 had a faster rate of temperature increase and the longest thermophilic phase.

![Temperature profile of the composting over time.\
Error bars represent the standard deviations of the means (n = 3).](pone.0222841.g001){#pone.0222841.g001}

pH {#sec009}
--

The pH is one of the important factors affecting the growth and reproduction of microbes. Microbial activity can be inhibited at too high or too low of pH, which hinders composting \[[@pone.0222841.ref018]\]. As shown in [Fig 2](#pone.0222841.g002){ref-type="fig"}, the initial pH in A1, A2, A3, and A4 was 6.29±0.11, 6.32±01, 6.27±0.04, and 6.24±0.07, respectively. The optimum pH for composting is 5.5--8.0 \[[@pone.0222841.ref026],[@pone.0222841.ref027]\]. During the first 20 days of composting, the pH in all treatments increased rapidly. On the 20th day of the composting period, the pH in A1, A2, A3, and A4 was 8.06±0.09, 8.07±0.08, 8.12±0.03, and 7.84±0.03, respectively. This pH might be due to the breakdown of phenolic acid compounds in the raw materials, as well as the breakdown of proteins and amino acids by microbes that produce ammonia and other alkaline substances \[[@pone.0222841.ref011]\]. The pH of the compost pile decreased afterwards, which might be caused by the formation of organic acids and phenolic compounds \[[@pone.0222841.ref028],[@pone.0222841.ref029]\]. At the end of composting, the pH of the composted product in A1, A2, A3, and A4 was 7.08±0.03, 7.21±0.02, 7.47±0.10, and 6.91±0.02, respectively, which are all in the suitable range of seedling growth (Bustamante et al. 2008).

![Changes of pH during composting at different turning frequencies.\
Error bars represent the standard deviations of the means (n = 3).](pone.0222841.g002){#pone.0222841.g002}

Total nitrogen {#sec010}
--------------

Nitrogen is the main elemental nutrient in the compost product. Improper composting procedures can result in a substantial loss of nitrogen. Not only does the compost product lacking nitrogen have low fertilizer efficiency, it may take up soil nitrogen, thereby resulting in a soil nutrient imbalance \[[@pone.0222841.ref017]\]. During the 76-day composting, the TN content in all treatments increased variably ([Fig 3](#pone.0222841.g003){ref-type="fig"}) and was significantly positively correlated with the number of days of composting (r = 0.952, P\<0.05; r = 0.900, P\<0.05; r = 0.976, P\<0.01; r = 0.965, P\<0.001). The TN content in A1, A2, A3, and A4 increased by 88.9%, 99.8%, 83.9%, and 103.4%, respectively. This might be caused by the mineralization of organic matter during composting, loss of CO~2~, and evaporative loss of water driven by heat production during the oxidation of organic matter \[[@pone.0222841.ref030]\].

![Changes of total nitrogen content (%) during composting at different turning frequencies.\
Error bars represent the standard deviations of the means (n = 3).](pone.0222841.g003){#pone.0222841.g003}

$\mathbf{N}\mathbf{O}_{3}^{‐}‑\mathbf{N}$ and $\mathbf{N}\mathbf{H}_{4}^{+}‑\mathbf{N}$ {#sec011}
---------------------------------------------------------------------------------------

$NO_{3}^{‐}‑N$ is the main source of nitrogen for most plants \[[@pone.0222841.ref031]\]. The higher the NO~3~^-^-N content, the higher the fertilizer efficiency of the compost product. As shown in [Fig 4](#pone.0222841.g004){ref-type="fig"}, between 0 and 40 days of composting, $NO_{3}^{‐}‑N$ did not change significantly in all treatments. After 40 days of composting, the $NO_{3}^{‐}‑N$ increased rapidly. In contrast, the $NH_{4}^{+}‑N$ content exhibited a decreasing trend after the start of composting. This is because during composting, the proteins, amino acids and other organic matter were first utilized by microbes as energy and nitrogen sources for them, and when these substances were utilized, the $NH_{4}^{+}‑N$ formed during microbial deamination was unstable, part of which was volatilized as ammonia gas, and part of which was converted to $NO_{3}^{‐}‑N$ by ammonia-oxidizing microbes \[[@pone.0222841.ref032]\]. The former process mainly occurred in the early stage of composting when pH and temperature were relatively high, and ammonia volatilization caused the rapid reduction of $NH_{4}^{+}‑N$ in the compost pile. The latter process mainly occurred in the mid to late stages of composting and was the main reason of $NO_{3}^{‐}‑N$ increase. This is because nitrifying bacteria cannot grow at temperatures above 40°C, and hence, nitrification mainly occurred during the stages of temperature decrease and compost maturity \[[@pone.0222841.ref025]\]. At the end of composting, the magnitude of decrease in the $NH_{4}^{+}‑N$ far exceeded the magnitude of increase in the $NO_{3}^{‐}‑N$, which might be due to the substantial volatilization of $NH_{4}^{+}‑N$ at high temperatures \[[@pone.0222841.ref026]\].

![Content (%) of $\mathbf{N}\mathbf{O}_{3}^{‐}‑\mathbf{N}$ and $\mathbf{N}\mathbf{H}_{4}^{+}‑\mathbf{N}$ during composting at different turning frequencies.\
Error bars represent the standard deviations of the means (n = 3).](pone.0222841.g004){#pone.0222841.g004}

C/N ratio {#sec012}
---------

As shown in [Fig 5](#pone.0222841.g005){ref-type="fig"}, during composting, the C/N ratio exhibited an apparent decreasing trend in all treatments. The results of the Pearson correlation analysis indicated that the C/N was significantly negatively correlated with the number of days of composting (r = -0.939, r = -0.951, r = -0.944, r = -0.934, P\<0.05, respectively). Dalal et al. showed that, normally when C/N of organic fertilizers was higher than 30, the biological immobilization effects of the mineral nitrogen in the soil were greater than the mineralization effects of organic nitrogen. When C/N was between 20--30, the rate of biological immobilization of mineral nitrogen was similar to the rate of mineralization of organic nitrogen, and the available nitrogen in the soil did not change significantly. When C/N was below 20, the rate of mineralization of organic nitrogen was greater than the rate of biological immobilization of mineral nitrogen, and the available nitrogen in the soil increased. It is generally believed that the lower C/N ratio, the better the quality of organic fertilizer \[[@pone.0222841.ref033]\]. After 76 days of composting, the C/N of the compost product in A1, A2, A3, and A4 was 16.12±1.21, 15.83±1.10, 16.56±0.90, and 16.22±0.51, respectively, which led to the increase in available nitrogen in the soil.

![Changes of C/N ratio and T ratio during composting at different turning frequencies.\
Error bars represent the standard deviations of the means (n = 3). T = (C/N ~final~)/(C/N ~initial~).](pone.0222841.g005){#pone.0222841.g005}

According to the methods of the US Composting Council (2002), the compost is considered mature when its C/N is less than 21. Itavaara et al. (1997) \[[@pone.0222841.ref034]\] and Arja et al. (1997) \[[@pone.0222841.ref035]\] suggested that when T\<0.6 \[T = (C/N) ~final~/(C/N) ~initial~\], the compost had reached maturity. Based on the C/N ratio, the compost in A1, A2, and A4 reached maturity on the 60th day of composting. Based on the T value, the compost in A1, A2, and A4 reached maturity on the 60th day of composting, whereas A3 reached maturity on the 76th day of composting.

Total nutrient content {#sec013}
----------------------

The total nutrient content (%) refers to the sum of the N, P (calculated as P~2~O~5~), and K (calculated as K~2~O) contents. N, P, and K are all essential elemental nutrients for plant growth, and total nutrient content (%) greater than 5% is an important indicator of a compost product that is being considered an organic fertilizer \[Chinese standard for organic fertilizers (NY525-2012)\]. As shown in [Fig 6](#pone.0222841.g006){ref-type="fig"}, during composting, the total nutrient content in all treatments was significantly positively correlated with the number of days of composting (r = 0.974, r = 0.972, r = 0.976, r = 0.995, P\<0.01, respectively). The total nutrient contents of A2, A3, and A4 were greater than 5% on the 60th day, and that in A1 was greater than 5% on the 76th day. When the composting ended (76th day), the total nutrient content in A1, A2, A3, and A4 was 5.41±0.14%, 5.75±0.11%, 5.62±0.12%, and 5.53±0.06%, respectively. Among these treatments, the total nutrient content was the highest in A2, indicating that too high or too low of turning frequency could cause the loss of total nutrients. In this experiment, the total nutrient content in the compost product was the highest when the turning frequency was once every 7 days.

![Changes of total Nutrition (%) during composting at different turning frequencies.\
Error bars represent the standard deviations of the means (n = 3).](pone.0222841.g006){#pone.0222841.g006}

Germination index (GI) {#sec014}
----------------------

The GI can effectively reflect the phytotoxicity of the compost. The compost is considered basically nontoxic when the GI is greater than 60%, and the phytotoxicity of the compost completely disappears when the GI is greater than 80% \[[@pone.0222841.ref031]\]. As shown in [Fig 7](#pone.0222841.g007){ref-type="fig"}, the GI of Bok choy (*Brassica chinensis* L.) in the compost pile exhibited an increasing trend in the different treatments and in the different composting stages. In particular, GI in the compost pile in A1 and A3 decreased considerably after 14--20 days of composting. This might be related to the phytotoxicity of small molecules in the compost, such as ammonia, phenols, and acids \[[@pone.0222841.ref018]\]. At the end of composting, the GI in A1, A2, A3, and A4 was 110.12%, 103.00%, 73.94%, and 108.41%, respectively. GI in A1, A2, and A4 was 48.93%, 39.30%, and 46.62% higher than that in A3, respectively. This result indicated that the final compost in A1, A2, and A4 did not have phytotoxicity \[[@pone.0222841.ref019]\], and the final compost in A3 was still toxic to plants. Therefore, turning could accelerate the breakdown and conversion of phytotoxic substances in the compost pile and facilitate the maturation of compost. when the turning frequency is low enough, sufficient anaerobic fermentation can also reduce the phytotoxicity of the compost \[[@pone.0222841.ref036]\]. However, GI was measured by using leachate from compost, which cannot explain the harmful effects of many insoluble substances in compost products on plant growth, nor can explain the effects on plant root growth and aboveground development. Therefore, GI alone cannot prove that compost products are maturity \[[@pone.0222841.ref037]\].

![Changes of Germination index(%)during composting at different turning frequencies.\
Error bars represent the standard deviations of the means (n = 3).](pone.0222841.g007){#pone.0222841.g007}

Solvita maturity index {#sec015}
----------------------

Solvita maturity index is a widely accepted index obtained through simple tests \[[@pone.0222841.ref038]\]. As shown in [Table 2](#pone.0222841.t002){ref-type="table"}, after the start of composting, The Solvita maturity index increased gradually in all treatments. At the end of composting, the Solvita maturity index in A1, A2, A3, and A4 was 7, 7, 5, and 7 respectively. When the Solvita maturity index is 7, composting is considered "finished," according to the "Guide to Solvita testing for compost maturity index" (Woods End Research, 2002). Therefore, the compost product in A1, A2, and A4 could be regarded as mature after 76 days of composting ([Table 2](#pone.0222841.t002){ref-type="table"}).

10.1371/journal.pone.0222841.t002

###### Solvita maturity index during composting.

![](pone.0222841.t002){#pone.0222841.t002g}

  Composting Days   A1     A2     A3     A4
  ----------------- ------ ------ ------ ------
  0                 N.D.   N.D.   N.D.   N.D.
  20                2      1      4      3
  40                5      5      4      4
  60                6      6      5      6
  76                7      7      5      7

Evaluation system of maturity indices {#sec016}
-------------------------------------

Many parameters have been used as indicators for evaluating compost maturity \[[@pone.0222841.ref021],[@pone.0222841.ref022]\]. In this study, the Solvita maturity index was used as a standard index, and its correlations with parameters such as TN, C/N, and GI were analyzed. As shown in [Table 3](#pone.0222841.t003){ref-type="table"}, both TN, C/N, and GI in four treatments were significantly correlated with the Solvita maturity index (P\<0.05). The C/N was negatively correlated with other maturity parameters (TN, GI, and Solvita maturity index). The TN, GI, and Solvita maturity index were positively correlated with each other. During composting, the TN, GI, and Solvita maturity index showed an increasing trend, and the C/N showed a decreasing trend. A principal component analysis (PCA) was used to identify factors that could distinguish the relationships between physicochemical parameters ([Fig 8](#pone.0222841.g008){ref-type="fig"}). The parameters were grouped according to principal components in four clearly distinguished clusters. The first group was $NO_{3}^{‐}‑N$ and Solvita maturity index, the second group was $NH_{4}^{+}‑N$, C/N, the third group was TN and Total nutrient, and the fourth group was pH. Therefore, the inclusion of TN, C/N and GI in the evaluation system of compost maturity can allow compost maturity to be effectively evaluated.

![PCA analysis of the parameters in composting process.](pone.0222841.g008){#pone.0222841.g008}

10.1371/journal.pone.0222841.t003

###### Bivariate (Pearson) correlation analysis of the physical and chemical parameters of each group.

![](pone.0222841.t003){#pone.0222841.t003g}

            Parameter   TN(%)   C/N                                             GI(%)                                           SOLVITA
  --------- ----------- ------- ----------------------------------------------- ----------------------------------------------- --------------------------------------------
  A1        TN(%)       1       -0.998[\*\*](#t003fn001){ref-type="table-fn"}   0.835                                           0.953[\*](#t003fn002){ref-type="table-fn"}
  C/N                   1       -0.851                                          -0.969[\*\*](#t003fn001){ref-type="table-fn"}   
  GI(%)                         1                                               0.914[\*](#t003fn002){ref-type="table-fn"}      
  SOLVITA                                                                       1                                               
  A2        TN(%)       1       -0.944[\*](#t003fn002){ref-type="table-fn"}     0.975[\*\*](#t003fn001){ref-type="table-fn"}    0.934[\*](#t003fn002){ref-type="table-fn"}
  C/N                   1       -0.746                                          -0.619                                          
  GI(%)                         1                                               0.981[\*\*](#t003fn001){ref-type="table-fn"}    
  SOLVITA                                                                       1                                               
  A3        TN(%)       1       -0.989[\*\*](#t003fn001){ref-type="table-fn"}   0.647                                           0.902[\*](#t003fn002){ref-type="table-fn"}
  C/N                   1       -0.561                                          -0.864                                          
  GI(%)                         1                                               0.886[\*](#t003fn002){ref-type="table-fn"}      
  SOLVITA                                                                       1                                               
  A4        TN(%)       1       -0.995[\*\*](#t003fn001){ref-type="table-fn"}   0.976[\*\*](#t003fn001){ref-type="table-fn"}    0.948[\*](#t003fn002){ref-type="table-fn"}
  C/N                   1       -0.973[\*\*](#t003fn001){ref-type="table-fn"}   -0.917[\*](#t003fn002){ref-type="table-fn"}     
  GI(%)                         1                                               0.892[\*](#t003fn002){ref-type="table-fn"}      
  SOLVITA                                                                       1                                               

\*\*. Correlation at the significant level of 0.01.

\*. Correlation at significant level of 0.05.

By studying the changes in compost maturity under 4 different turning frequencies, observations on the co-compost of *C*. *oleifera* shell with goat dung showed that on reaching maturity, the C/N ratio of the co-compost was between 15.83 and 16.22; The GI was greater than 100%, and the TN was between 2.85 and 2.91%.

Final compost quality {#sec017}
---------------------

The main chemical properties of the final compost products in the four treatments are shown in [Table 4](#pone.0222841.t004){ref-type="table"}. The pH of the compost in each treatment was between 6.91 and 7.48, and its moisture content was below 30%. The highest total nutrient content of the compost product was 5.75±0.11% (A2), and the lowest was 5.41±0.14% (A1); both were greater than 5% and within the limits defined by the Chinese standard for organic fertilizers (NY525-2012). The organic matter content of the compost product in A2 was as high as 79.54±0.98%, and it was the lowest in A1 at 78.44±0.38%. These values were much higher than the requirement (45%) in the Chinese standard for organic fertilizers (NY525-2012).

10.1371/journal.pone.0222841.t004

###### Chemical characteristics of the final compost obtained.

![](pone.0222841.t004){#pone.0222841.t004g}

  Parameter                    A1           A2           A3           A4           NY525-2012
  ---------------------------- ------------ ------------ ------------ ------------ ------------
  Moisture (%)                 15.0±0.4     15.1±0.1     14.3±0.6     14.8±0.3     ≤30
  Organic matter content (%)   78.44±0.38   79.54±0.98   78.61±0.56   77.41±1.02   ≥45
  Total nutrients (%)          5.41±0.14    5.75±0.11    5.62±0.12    5.53±0.06    5
  pH                           7.08±0.03    7.21±0.02    7.47±0.10    6.91±0.02    5.5--8.5

Except for moisture, all data are expressed on a dry weight basis.

Conclusion {#sec018}
==========

During the study, the products obtained from composting of *C*. *oleifera* shell and goat dung for 76 days were in accordance with the Chinese organic fertilizer standard NY525-2012. In the composting process, TN, $NO_{3}^{‐}‑N$, GI, Solvita maturity index increased with the composting process, while $NH_{4}^{+}‑N$, C/N showed the opposite trend. According to the correlation analysis, TN, C/N ratio and GI can be used to evaluate the maturity of compost of *C*. *oleifera* shell and goat dung comprehensively. Among the four treatments, the longest duration of thermophilic phase was observed in A2 for 42 days (\>50°C), with the highest total nutrient (5.75±0.11%) and lowest C/N value (15.83±1.10). It can be seen that the turning frequency of every 7 days can improve the quality of compost products. However, due to the diversity of raw materials and composting conditions, we need to do more research to acquire parameters with simple determination method and strong correlation with maturity to determine the appropriate turning frequency for composting.

Supporting information {#sec019}
======================

###### Data of sample parameters during composting

(XLSX)

###### 

Click here for additional data file.

10.1371/journal.pone.0222841.r001
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Effects of turning frequency on the nutrients of Camellia oleifera shell co-compost with sheep manure and evaluation of co-compost maturity

PLOS ONE

Dear Dr. Jinping Zhang,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by September 10. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Sartaj Ahmad Bhat, Ph.D

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The topic of the manuscript is actual. More details are necessary in the Introduction section of the manuscript. Some references need to be included. Some section needs to be rewritten.

Specific comments are listed below.

Abstract

Why it is so important to undertake these trials？What's the purpose?

Why shell? Why manure? Why combined?

Line 12, "could enhance" compare with what?

Sample conclusion is missing.

Introduction

Lines 26-28, please rephrase these sentences.

Line 27, "slowly", how long?

Lines 28-30, reference(s)?

Line 31, amount of the production? Add reference(s).

Lines 42-45, reference(s)? Why sheep manure?

Line 46, "improve", how?

Line 47, "pests", for examples. Pests, including viruses and pathogens? What's the meaning?

Lines 53-56,"high" and "low" are generic terms. Please indicate a quantity.

Lines 59-70, this subsection needs to be rewritten. What's the key point for this paragraph?

Lines 72-73, the purpose for testing these parameters.

Line 94, water content of the shell.

Line 95, 55% is water content or relative humidity?

Lines 113-115, depth of the pile.

Lines 124-125, more details.

Results and discussion

It's important to add statistical analysis of the difference between different treatments.

Lines 133-135, please rephrase these sentences.

Line 140, (GB 7959-87), China?

Lines 175-176, 211, 241-242, r and P, in italics.

Conclusion

Please re-write the conclusion. Based on the purpose and the actual data.

Reviewer \#2: This study conducted a 76-day composting experiment to explore the effects of turning frequency on the nutrients of Camellia oleifera shell co-compost with sheep manure and evaluation of co-compost maturity. The results showed that turning once every 7 days is the most suitable way to enhance the composting efficiency and compost product quality. In addition, this study proposed that TN, carbon-to-nitrogen ratio (C/N), and GI are useful indexes for comprehensively evaluate the compost maturity. In general, this work has some significance for practical production. However, further analysis and discussion about the relationships among these indexes are needed in this manuscript using a better statistical analysis method. Moreover, there some small problems needed to be revised. Thus, I think the present paper need a revision before publication. I hope my comments would be of help to the future improvement of the work.

1\. Lines 284-294: Composting is a complex environmental process, many parameters will affect each other. Thus, I think Pearson correlation analysis is not sufficient to determine which factors are suitable for evaluating compost maturity. Multivariate analysis may be helpful to further understand the complex relationships among various parameters of composts. Redundancy analysis (RDA), structural equation models (SEMs) et al. may be a good choice, and the following references may helpful: Bioresource Technology 285 (2019) 121326; Environmental Pollution 250 (2019) 166-174.

2\. The discussion section needs to be improved, and appropriate outlook should be supplemented.

3\. Are "sheep manure" and "goat dung" the same in meaning? If they are same, please unify the words.

4\. The method of moisture determination should be introduced in the "materials and methods" section.

5\. Lines 145-146: why the temperature decreased to room temperature suddenly in all treatments?

6\. The resolution of the pictures in the manuscript is poor.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer \#1:

Abstract

Why it is so important to undertake these trials？What's the purpose?

Why shell? Why manure? Why combined?

Line 12, "could enhance" compare with what?

Sample conclusion is missing.

The purpose and background of the experiment are supplemented in the abstract, but the reasons for the use of co-composting are explained in detail in the introduction. \"Can enhance\" is a comparison between different groups under different heap turnover frequencies.

Introduction

Lines 26-28, please rephrase these sentences.

Modified to \" C. oleifera shell is rich in lignocellulose, saponins and tannins which were not conducive to microbial degradation and metabolism \".

Line 27, "slowly", how long?

The standard of natural decay of C. oleifera shell shell is generally more than 6 months. Because there is no specific data, it is revised in this paper.

Lines 28-30, reference(s)?

Relevant references have been supplemented in this paper.

Line 31, amount of the production? Add reference(s).

It has been supplemented in the paper according to the references.

Lines 42-45, reference(s)? Why sheep manure?

Co-composting of livestock manure and other materials to make the composting process go smoothly is a common waste composting method, which has been used in many literatures. Similar to pig manure and chicken manure, sheep manure has a high content of CNPK, and can provide additional microorganisms for improving composting. It is also one of the common wastes around the experimental area. Therefore, sheep manure and Camellia shell are selected for co-composting.

Line 46, "improve", how?

It has been supplemented in the article, "such as nutrients increase in soil and physical properties improvement of soil".

Line 47, "pests", for examples. Pests, including viruses and pathogens? What's the meaning?

The pest means Harmful organisms, But there are misunderstandings in this paper. So we revised the expression in this paper. "Furthermore, most of the harmful organisms (including pests, weed seeds, viruses and pathogens et al.) are killed during composting, which reduces the incidence of diseases"

Lines 53-56,"high" and "low" are generic terms. Please indicate a quantity.

\"High\" and \"low\" are the relative values of overturning frequency, which can not give specific values. In the article, \"high\" refers to turning frequency of 5 days, while \"low\" refers to turning frequency of 15 days.

Lines 59-70, this subsection needs to be rewritten. What's the key point for this paragraph?

This section is to illustrate the importance of compost maturity, because the compost product reaches maturity, so that the product can be used in production premise. Choosing the turning frequency is also to make the compost material ripen as quickly as possible. It also provides a reference for judging the availability of compost products and adjusting the turning frequency in practical operation.

Lines 72-73, the purpose for testing these parameters.

The purpose of testing these parameters is to find a simple and low-cost way to judge the maturity of compost products and to determine which turning frequency is more suitable for composting. Although Solvita index is internationally recognized as an effective index for judging maturity, its domestic price is still on the high side.

Line 94, water content of the shell.

This step is to control the size of Camellia shell. I think the moisture content of Camellia shell has nothing to do with this operation. The moisture content of Camellia shell will change during storage, so the moisture content of raw materials is not important and will not be explained. And in the follow-up operation, we use dry matter as the adjustment standard, the moisture content of raw materials in this step has no effect on the follow-up.

Line 95, 55% is water content or relative humidity?

55% is water content, and moisture content is also used in other composting literature. (Wang, Y. Q., Zhang, J. L., Schuchardt, F., & Wang, Y. (2014). Degradation of morphine in opium poppy processing waste composting. Bioresource Technology, 168(3), 235-239.)

Lines 113-115, depth of the pile.

It has been supplemented in this article. depth of the pile was 1.2m

Lines 124-125, more details.

In this paper, the analysis method and the information of using software are supplemented（ Canoco 5.0 and PCA）.

Results and discussion

It's important to add statistical analysis of the difference between different treatments.

PCA analysis is supplemented to judge that the selected parameters are reasonable and representative.

Lines 133-135, please rephrase these sentences.

These sentences have been amended to read \"A2 enter the thermophilic phase (\> 50 C) on 9th day, and A1, A3, and A4 enter the phase on the 12th, 32nd, and 11th day, respectively.\"

Line 140, (GB 7959-87), China?

Yes, this is China\'s national standard, which has been replaced. The standard is now changed to GB 7959-2012. China.

Lines 175-176, 211, 241-242, r and P, in italics.

I consulted the literature of many magazines and found no need to change it into italics. Therefore, there is no modification in the paper.

Conclusion

Please re-write the conclusion. Based on the purpose and the actual data.

The conclusion has been revised.

"During the study, the products obtained from composting of C. oleifera shell and goat dung for 76 days were in accordance with the Chinese organic fertilizer standard NY525-2012. In the composting process, TN, NO- 3-N, GI, Solvita maturity index increased with the composting process, while NH+ 4-N, C/N showed the opposite trend. According to the correlation analysis, TN, C/N ratio and GI can be used to evaluate the maturity of compost of C. oleifera shell and goat dung comprehensively. Among the four treatments, the longest duration of thermophilic phase was observed in A2 for 42 days (\>50℃), with the highest total nutrient (5.75±0.11%) and lowest C/N value (15.83±1.10). It can be seen that the turning frequency of every 7 days can improve the quality of compost products. However, due to the diversity of raw materials and composting conditions, we need to do more research to acquire parameters with simple determination method and strong correlation with maturity to determine the appropriate turning frequency for composting."

Reviewer \#2:

1\. Lines 284-294: Composting is a complex environmental process, many parameters will affect each other. Thus, I think Pearson correlation analysis is not sufficient to determine which factors are suitable for evaluating compost maturity. Multivariate analysis may be helpful to further understand the complex relationships among various parameters of composts. Redundancy analysis (RDA), structural equation models (SEMs) et al. may be a good choice, and the following references may helpful: Bioresource Technology 285 (2019) 121326; Environmental Pollution 250 (2019) 166-174.

PCA analysis is supplemented to judge that the selected parameters are reasonable and representative.

2\. The discussion section needs to be improved, and appropriate outlook should be supplemented.

The conclusion has been revised.

"During the study, the products obtained from composting of C. oleifera shell and goat dung for 76 days were in accordance with the Chinese organic fertilizer standard NY525-2012. In the composting process, TN, NO- 3-N, GI, Solvita maturity index increased with the composting process, while NH+ 4-N, C/N showed the opposite trend. According to the correlation analysis, TN, C/N ratio and GI can be used to evaluate the maturity of compost of C. oleifera shell and goat dung comprehensively. Among the four treatments, the longest duration of thermophilic phase was observed in A2 for 42 days (\>50℃), with the highest total nutrient (5.75±0.11%) and lowest C/N value (15.83±1.10). It can be seen that the turning frequency of every 7 days can improve the quality of compost products. However, due to the diversity of raw materials and composting conditions, we need to do more research to acquire parameters with simple determination method and strong correlation with maturity to determine the appropriate turning frequency for composting."

3\. Are "sheep manure" and "goat dung" the same in meaning? If they are same, please unify the words.

The meaning we want to express is the same, but there are problems with the use of words. It has been revised in the article and unified as \"goat dung\".

4\. The method of moisture determination should be introduced in the "materials and methods" section.

The method for determining moisture content is supplemented in this paper. "Moisture content was obtained by drying at 105℃ for 24h in a hot-air oven."

5\. Lines 145-146: why the temperature decreased to room temperature suddenly in all treatments?

It may be that heap dump causes a lot of heat loss, and the heat generated by microbial metabolism after a long time of heap dump is far from enough to replenish the lost heat, so the temperature suddenly drops to room temperature. Relevant expressions are supplemented in the article.

6\. The resolution of the pictures in the manuscript is poor.

Pictures have been replaced. The new picture was in 600 dpi.

###### 

Submitted filename: Response to Reviewers.docx

###### 

Click here for additional data file.
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\[EXSCINDED\]

Effects of turning frequency on the nutrients of Camellia oleifera shell co-compost with goat dung and evaluation of co-compost maturity

PONE-D-19-19121R1

Dear Dr. Zhang,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Sartaj Ahmad Bhat, Ph.D

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Authors addressed all my concerns. Following the revisions, I think the manuscript has improved a lot. It can be accepted for publication.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No
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Effects of turning frequency on the nutrients of *Camellia oleifera* shell co-compost with goat dung and evaluation of co-compost maturity

Dear Dr. Zhang:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Sartaj Ahmad Bhat

Academic Editor

PLOS ONE
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